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Abstract Purpose: We hypothe-
sized that reduced arousability
(Richmond Agitation Sedation Scale,
RASS, scores -2 to -3) for any
reason during delirium assessment
increases the apparent prevalence of
delirium in intensive care patients. To
test this hypothesis, we assessed
delirium using the Confusion
Assessment Method for the Intensive
Care Unit (CAM-ICU) and Intensive
Care Delirium Screening Checklist
(ICDSC) in intensive care patients
during sedation stops, and related the
findings to the level of sedation, as
assessed with RASS score.
Methods: We assessed delirium in
80 patients with ICU stay longer than
48 h using CAM-ICU and ICDSC
during daily sedation stops. Sedation
was assessed using RASS. The effect
of including patients with a RASS of
-2 and -3 during sedation stop
(‘‘light to moderate sedation’’, eye
contact less than 10 s or not at all,
respectively) on prevalence of delir-
ium was analyzed. Results: A total
of 467 patient days were assessed.
The proportion of CAM-ICU-positive
evaluations decreased from 53 to
31 % (p \ 0.001) if assessments from
patients at RASS -2/-3 (22 % of all
assessments) were excluded. Simi-
larly, the number of positive ICDSC
results decreased from 51 to 29 %
(p \ 0.001). Conclusions: Sedation
per se can result in positive items of
both CAM-ICU and ICDSC, and
therefore in a diagnosis of delirium.
Consequently, apparent prevalence of
delirium is dependent on how a
depressed level of consciousness after
sedation stop is interpreted (delirium
vs persisting sedation). We suggest
that any reports on delirium using
these assessment tools should be
stratified for a sedation score during
the assessment.
Keywords CAM-ICU (Confusion
Assessment Method for the Intensive
Care Unit)  ICDSC (Intensive
Care Delirium Screening Checklist) 
Intensive care medicine  Delirium 
Sedation
Introduction
Agitation and hallucinations but also features of hypoactive
delirium are common in intensive care patients [1]. Delir-
ium has been associated with prolonged intensive care unit
and hospital stay, long-term impairment of cognitive
function, and increased mortality [2–5]. Tools to diagnose
delirium in intensive care patients have been developed;
these include the Confusion Assessment Method for the
Intensive Care Unit (CAM-ICU) [6, 7] and the Intensive
Care Delirium Screening Checklist (ICDSC) [8]. The use of
these tools has led to highly variable occurrence rates for
delirium—ranging from 16 to 87 %—and high prevalence
of hypoactive delirium subtype being reported [5, 6, 8–12].
The diagnosis of delirium is particularly problematic in
intubated patients because of problems of communication
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and the common use of sedative and analgesic drugs. Both
CAM-ICU and ICDSC have been validated after exclud-
ing comatose patients but including patients with variable
degrees of alertness, ranging from brief eye opening to
vocal or to fully awake or severely agitated [6–9, 13].
Most commonly used sedative and analgesic agents
have prolonged effects even if temporarily stopped,
especially after prolonged exposure and in patients with
multiple organ dysfunction, so persisting effects of sed-
ative and analgesic drugs are likely to confound the
assessment of delirium. This concept is supported by the
predominance of hypoactive delirium in the published
studies [5, 6, 8–11]. Distinguishing between the remain-
ing effects of sedation and delirium is relevant especially
when testing possible therapeutic pharmacologic inter-
ventions or preventive measures for delirium.
We hypothesized that reduced arousability (Richmond
Agitation Sedation Scale, RASS, scores -2 to -3) for
any reason during delirium assessment increases the
apparent prevalence of delirium in intensive care patients.
To test this hypothesis, we assessed delirium using CAM-
ICU and ICDSC in intensive care patients during sedation
stops, and related the findings to the level of sedation, as
assessed with RASS score.
Materials and methods
The study was performed in a 30-bed, tertiary care, closed
multidisciplinary intensive care unit. The study protocol
was reviewed and approved by the Medical Research
Ethics Committee of the Canton of Bern and informed
consent was obtained from a close relative, with deferred
consent from the patient once his/her condition had
improved.
Between 2 February 2008 and 28 April 2008, all
patients who were mechanically ventilated and sedated
for more than 48 h, aged at least 18 years, and fluent in
German or French were screened. We excluded patients
with pre-existing conditions interfering with assessment
of CAM-ICU (e.g., tetraplegia, deafness, blindness, and
overt dementia), and those who declined deferred consent.
All patients were sedated using an institutional sedation
protocol including sedation goals and daily sedation stops
[14], details of which are provided in the electronic sup-
plementary material (ESM). Delirium assessment with
CAM-ICU and ICDSC is described in detail in the ESM.
The study patients were assessed by the clinical team
once daily during the sedation stop. The research team
supervised the clinical team in the beginning, and pro-
vided help on request afterwards. In the rare case of
disagreement of delirium scoring within the clinical team
or between clinicians and the research team, the argu-
ments were discussed and an agreement found. No
independent assessments were done by the research team,
as reliability and validity of the two scores have been
reported to be high, and both instruments are claimed to
be easy to use in clinical practice [15, 16]. Daily evalu-
ation was discontinued when the patient was free of
sedation and did not present any neurological deficits—
including delirium—for three consecutive days, or was
discharged from the ICU.
Basic demographic data, reason for ICU admission,
and SAPS II (Simplified Acute Physiology Score, with the
Glasgow Coma Scale set as normal unless known other-
wise) were recorded initially, followed by daily recording
of mechanical ventilation, use of sedative drugs, RASS,
CAM-ICU, and ICDSC.
CAM-ICU and ICDSC were assessed as proposed by
their developers. For the purpose of the study, patients
were classified as ‘‘comatose’’ if RASS remained at level
-5 or -4 throughout the sedation stop, regardless of
cause. Some sedation stops had to be discontinued for
medical reasons, mainly because of agitation with threat
of self-harm, or cardiovascular or respiratory instability.
If RASS was positive at that time and the patient was not
participating in assessment or comprehending instruc-
tions, inattention was considered to be present, and these
events were categorized as CAM-ICU and ICDSC posi-
tive. When assessments were not done, we recorded the
reason.
Low RASS scores after a sedation stop may be due to
persisting sedation, encephalopathy, or their combination.
In order to evaluate the relevance and magnitude of this
problem to delirium assessment, patients with RASS -2
to -3 (light to moderate sedation, eye contact is main-
tained for less than 10 s at RASS -2 or not at all at RASS
-3) were handled in three different ways in assessing
delirium:
1. Included as proposed by the original publications of
CAM-ICU and ICDSC (i.e., all patients included).
2. Defined as ‘‘not assessable’’ because of presumed
ongoing sedation despite sedation stop (i.e., all patients
at RASS -2 to -3 excluded).
3. Considering ‘‘not assessable’’ only those events, where
according to the investigator, the patient was unable to
maintain vigilance to understand the instructions of the
letters attention test or the alternating pictures test of
CAM-ICU. According to the original definition of
CAM-ICU and ICDSC, these patients should be
considered to have the features ‘‘acute onset of mental
status changes or a fluctuating course’’, ‘‘inattention’’,
‘‘disorganized thinking’’, and ‘‘altered level of con-
sciousness’’ positive (CAM-ICU), and at least the
features ‘‘altered level of consciousness’’, ‘‘inatten-
tion’’, and ‘‘psychomotor agitation or retardation’’ of
ICDSC positive.
Data are presented as mean ± standard deviation, or
frequencies. Because not all patients had the same number
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of assessments, the probability of a patient being classified
as delirious was calculated by modeling the response using
a mixed effects logistic regression. Test day was nested
within patient ID, and both were included as random
effects in the models. The identification method (original/
RASS -2 to -3 excluded/subjective) was included as a
categorical factor. The probabilities of having died by day
28 and by day 90 if having been identified as delirious at
least once or never were analyzed separately by each
method of assessment. Logistic regressions were used with
death considered an event, and being identified as delirious
at least once or never coded as a binary explanatory var-
iable. Comparisons of length of stay in the ICU and
hospital of patients if identified as delirious at least once or
never were performed with a one-way analysis of variance
on ranks (Kruskal–Wallis). Further details of statistical
analyses are indicated in the ESM. All tests were consid-
ered significant at a level of p \ 0.05. Analyses were
performed using either Stata version 12.1 (Stata Statistical
Software: Release 12. College Station, TX: StataCorp LP)
(mixed model and regression analysis, done by the Clini-
cal Trial Unit, University of Bern, Bern, Switzerland) or
SigmaStat 3.5 (Systat Software GmbH, Erkrath, Germany)
(all other analysis).
Results
A total of 87 consecutive patients were screened during
three consecutive months and 80 patients were included
(Table 1). Seven patients or their relatives refused
deferred consent/declined participation, including one
patient who was transferred to another hospital before
consent could be obtained.
There were 467 scheduled sedation stops (5.9 ± 5.0
evaluations per patient); on 333 study days sedation was
used (4.2 ± 4.2 days per patient). A total of 54 sedation
stops (16 %) were not performed owing to patient insta-
bility, patient was not available in the operating room or
radiology, and two additional sedation stops (\1%) were
not done because poor tube tolerance and pain despite of
sedation/analgesia prohibited the pause of sedation and
analgesia. In 65 instances (14 %) the delirium assessment
was not performed owing to patient instability or absence
while undergoing surgery or diagnostics (n = 54, 11 %),
staff time constraints (n = 2, \1 %), or for undocu-
mented reasons (n = 9, 2 %). A total of 402 screenings
for delirium assessments were done. In 78 (19 %)
instances the patients were comatose with RASS -4 to
-5. In the 48 h before study entry and at day 1 continuous
sedation was predominant; thereafter the use of continu-
ous, intermittent, or no sedation at all was well balanced
(Table 1 in ESM), and continuous sedation was pre-
dominantly done with propofol (Table 1 in ESM).
CAM-ICU was positive in a total of 53 % of assess-
ments, negative in 27 %, and not assessable in 19 %
owing to coma (=RASS -4 or -5). In 23 % of assess-
ments, patients remained moderately sedated (RASS -2
to -3) despite the sedation stop. In 58 % of these
assessments at RASS -2 to -3, the investigators con-
sidered the patient insufficiently vigilant to follow
instructions (Fig. 1).
Details on delirium assessments are indicated in the
ESM. Ninety-two of the 215 CAM-ICU positive findings
(42 %) were obtained during RASS -2 to -3 and all but
two of the 92 assessment made at RASS -2 to -3 were
CAM-ICU positive. If all the assessments at RASS -2 to
-3 were considered as not assessable, 31 % of all
assessments were CAM-ICU positive, 27 % CAM-ICU
negative, and 42 % not assessable owing to either coma
or possible persisting sedation. If only those RASS -2 to
-3 assessments, where the investigator considered the
patient insufficiently vigilant to follow the instructions,
were considered not assessable, 40 % were CAM-ICU
positive, 27 % CAM-ICU negative, and 33 % not
assessable owing to either coma or possible persisting
sedation (Fig. 1). The probability of being classified as
delirious in the mixed model was 45 % if all CAM-ICU
positive assessments were included, 20 % if all positive
assessments at RASS -2 to -3 were excluded, and 29 %
if only those assessments where the investigator deemed
the patient insufficiently vigilant to follow the instructions
were excluded (p \ 0.001). The corresponding numbers
when ICDSC was used are 42, 20, and 28 % (Fig. 2,
p \ 0.001 in the mixed model).
Regarding the incidence, 71 % of all patients were
CAM-ICU positive at least once, 18 % were CAM-ICU
negative, and 11 % remained comatose (RASS -4 or -5)
throughout the study. A total of 19 % (n = 11) of
CAM-ICU positive patients were positive only during
Table 1 Basic demographic and admission data
Total (n = 80)
Age (mean ± SD) 61 ± 17
Men, n (%) 53 (66)
SAPS II score (mean ± SD) 55 ± 18
ICU admission, n (%)
Medical 37 (46)
Surgical 25 (31)
Trauma 18 (23)
Type of sedation in the 48 h before study entry, n (%)
Continuous 65 (82)
Intermittent 13 (16)
Both 1 (1)
Data missing 1 (1)
10 patients (13 %) had pre-existing neurological disorders, 32
patients (40 %) were admitted for neurological disorders or neuro-
trauma. Details of admission diagnosis, pre-existing neurological
disorders, and neuro/neuro-trauma admissions are provided in
Table 6 in the ESM
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assessments with RASS -2 to -3. Accordingly, if
assessments at RASS -2 to -3 were considered not
assessable, 58 % of patients were CAM-ICU positive,
25 % CAM-ICU negative, and 17 % not assessable owing
to either coma or persisting sedation (p = 0.099). The
corresponding numbers in the third group are 66, 18, and
16 % (p = 0.609; Fig. 3).
Delirium incidence and effects of level of sedation
were similar when patients were assessed with ICDSC
(Fig. 4).
When patients with neurological admission diagnoses
(n = 32) were excluded from the analysis, the results
were essentially similar (ESM Table 2).
The 11 patients who were evaluated CAM-ICU posi-
tive only at RASS -2 to -3 are similar to the total
population. Details of demographics, SAPS, admission
diagnosis, and sedation regimes are listed in Table 3 in
the ESM.
Delirium presented predominantly in the hypoactive
form; details to the distribution are shown in Table 4 in
the ESM.
The only significant differences in ICU or hospital
length of stay (LOS) between patients with or without
delirium were the ICU-LOS if assessed with ICDSC,
regardless of how delirium was classified. The study was
not designed to find explanatory variables for that. The
28-day and 90-day mortalities tended to be higher in
patients with delirium, but none of the differences was
statistically significant (Table 5 in ESM). Patients with
persisting coma (RASS -4 to -5 in all assessments) had
higher mortality than those without coma (67 vs 20 % at
28 days, p = 0.006; 67 vs 25 % at 90 days, p = 0.019).
Fig. 1 Flowchart of all
CAM-ICU assessments
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Discussion
We found that in 20 % of all sedation stops, during
delirium assessment, patients remained moderately seda-
ted despite continuing sedation stops for up to 2 h, or had
their sedation restarted because of cardiovascular or
respiratory instability, despite persisting moderate seda-
tion. Furthermore, the apparent prevalence of delirium
was dependent on how patients who remained at RASS -
2 to -3 during sedation stops were classified into the
three possible schemes we provided in the ‘‘Materials and
methods’’ section. According to the CAM-ICU method-
ology, these patients formally qualify for delirium
assessment. Our results demonstrate that possible per-
sisting sedation during sedation stops may increase the
apparent prevalence of delirium by approximately a
quarter to a third when either CAM-ICU or ICDSC is
used to diagnose delirium. The results were essentially
similar if patients with primary neurologic diagnoses were
excluded.
The proportion of assessments done during mechani-
cal ventilation (93 %) was high and the prevalence of
coma (11 % of patients, 19 % of assessments) low in the
present study as compared to previous studies [5, 7, 9].
The proportion of assessment done without sedation but
intubated (22 %) was also high. These findings are con-
sistent with our strategy to avoid deep sedation. The
interaction of sedation with delirium assessment is likely
to be even more relevant if deep sedation is used and if no
sedation stops are implemented. The risk of sedation
interfering with the diagnosis of delirium is inherent to
both CAM-ICU and ICDSC, because the presence and
impact of sedation was not taken into account in the
validation of these methods. Sedation stops have been
used in studies on ICU delirium relatively rarely (or were
Fig. 2 Flowchart of all ICDSC
assessments
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not reported). Since the effects of most commonly used
sedative drugs can be prolonged, especially in long-term
or high-dose use, sedation stops may help to reduce but
not eliminate persisting effects of sedative drugs.
The CAM-ICU allows assessment at RASS -3 or
higher (less sedated), either during ongoing sedation or
sedation stops [17]. Most such patients will fulfill the
criteria of acute onset of mental status change and
Fig. 3 Flowchart of patients
with at least one positive CAM-
ICU assessment. Asterisk these
patients can either be always at
this level or have assessments
done at higher RASS levels
with negative CAM-ICU
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fluctuating course, in combination with altered level of
consciousness; according to the CAM-ICU, this gives the
diagnosis ‘‘delirium’’. Similarly, with the ICDSC, patients
reacting to mild to moderate stimuli after discontinuing
sedation qualify for assessment and are likely to
demonstrate impaired levels of consciousness, inattention,
psychomotor retardation, and fluctuation of symptoms,
and thus to receive a diagnosis of ‘‘delirium’’. Recently,
the new DSM-V criteria for delirium have been published
[18]. The authors propose that noncomatose patients with
Fig. 4 Flowchart of patients
with at least one positive
ICDSC assessment. Asterisk
these patients can either be
always at this level or have
assessments done at higher
RASS levels with negative
ICDSC
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reduced level of arousal of acute onset should be classi-
fied as having severe inattention and cognitive change,
and hence delirium. Although we agree that such patients
can be delirious, it should be noted that the same crite-
ria—which correspond to a RASS -2/-3 level—can also
apply for sedated healthy volunteers [19], and patients
with uneventful postoperative course during awakening
from anesthesia [20]. In patients who received sedative
drugs prior to delirium assessment, it is therefore difficult
or impossible to attribute these symptoms to either per-
sistent sedation or delirium. In both cases, potential
reasons for delirium should be eliminated, and sedatives
kept stopped. There is no proven pharmacological treat-
ment for hypoactive delirium. We suggest that any reports
on delirium should be stratified for the RASS score during
the assessment. Sedation stops should be added to delir-
ium assessment and RASS level and reasons necessitating
reinstitution of sedation reported.
Our study has limitations. The number of patients was
relatively small. We did not use a reference ‘‘gold stan-
dard’’ assessment of delirium, such as one performed by a
trained psychiatrist. High inter-rater agreement in routine
delirium scoring after minimal training has been observed
[15]. Recently, the sensitivity of CAM-ICU has been
questioned, when CAM-ICU assessment by the bedside
staff was compared with delirium assessments performed
by delirium experts [9]. Our approach demonstrates
results from a clinically relevant ‘‘real-world’’ environ-
ment rather than from dedicated specialist delirium
assessors who are usually not present in the ICU. A fur-
ther limitation is the assessment of delirium after a
maximum of 120 min of sedation stop which was done
for practical reasons. An interesting approach would have
been to evaluate delirium before and after sedation stop
and to include a multivariate analysis of the risk factors of
patients diagnosed with delirium at a level of conscious-
ness of RASS -2 to -3.
The classification of patients remaining at level RASS
-2 to -3 as ‘‘not assessable’’ only for those events
where, according to the investigator, the patient was
unable to maintain vigilance to understand the instruc-
tions of the letters attention test or the alternating pictures
test of CAM-ICU is a subjective and non-validated
approach. It should not be regarded as a new method of
using the delirium assessment tools.
In conclusion, our study demonstrates that results from
assessments using the current delirium screening tools
depend on the level of sedation. In sedated patients,
CAM-ICU and ICDSC may also measure pure sedation
effects, and are therefore likely to overestimate the
prevalence of delirium, especially hypoactive delirium.
We suggest that reports on delirium using these scores
should be stratified for the RASS score during the
assessment and that sedation stops should be prolonged
until no change in RASS occurs before assessing
delirium.
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